ABSTRACT
INTRODUCTION
In recent years it has becbme apparent that several lines of Aedes albopictus cells 1 are persistently infected with a variety of viruses which have been detected because of their ability to induce syncytia in either the host cell line or in virus-free A_. albopictus cells. These viruses include the alphavirus chikungunya^ and several other agents which morphologically resembled not only alphaviruses but also the parvoviruses and orbiviruses^. A line of Aedes aegypti cells 4 has also been shown to be persistently infected with a novel togavirus which replicates and causes syncytia formation in A_. albopictus cells 5 
Preparation and analysis of cytoplasmic extracts of A_. albopictus cells

After labelling for 5 h with [
3 H]-ur1dine in the presence of 1.5 wg/ml actinomycin D, A. albopictus cells were trypsinized from the flask, washed twice In RSB (lOmM Tris, lOmM NaCl, 1.5mM MgCl 2> pH 7.4) and resuspended in this buffer for 10 min at 0°C. Cells were lysed by 15-20 strokes of a loose fitting Dounce homogenizer. Microscopic observation Indicated that over 95% of the cells were lysed by this procedure. The lysate was made 250mM in sucrose and nuclei removed by centrffuging at 3000 x g for 2 m1n at 4°C. The post-nuclear supernatant was centrifuged at 8000 x g for 10 min. Material in the nuclear pellet was resuspended 1n RSB and the RNA 1n this fraction and in the 8000 x g supernatant was extracted with phenol in lOOmM Tris, 0.1% SDS at pH 9.0. The material 1n the 8000 x g pellet was resuspended 1n RSB and analyzed in one of three ways.: (1) RNA was extracted with phenol as described above. (2) The material was layered over a 15 ml linear 10-60% sucrose gradient in RSB or a 30-45% sucrose gradient In TNE (lOmM Tris, lOmM NaCl, 1.5mM EDTA, pH 7.4) and centrifuged at 25,000 rpm in a SW27 rotor at 3°C for either 1 h or 16 h. Samples were collected from the gradient and acid precipitable radioactivity in 10 pi aliquots was determined. Sucdnic dehydrogenase activity was determined 1n the fractions of the gradient by the method described by Cowan and YounglS. (3) The resuspended 8000 x g pellet was divided into three 250 pi aliquots and treated with nucleases as follows. One aliquot remained untreated, 5 ug/ml DNase was added to the second and 7 yg/ml pancreatic RNase was added to the third aliquot. The aliquots were incubated at 20°C for 2 min. Experiments indicated that unprotected RNA and DNA were digested under these conditions. After incubation EDTA was added to lOmM and after addition of 10 ul diethylpyrocarbonate, the aliquots were centrifuged at 8000 x g for 10 min. The pellets were resuspended in lOOmM Tr1s, 0.U SDS (pH 9.0) and the RNA extracted with phenol.
Pol.yacrylamide gel electrophoresis T_. Cylindrical gels containing 0.52 agarose and 1.9X acrylamide were utilized as described 15 . The positions of the RNA species were determined by slicing the gel, dissolving the 1 mm slices 1n hydrogen peroxide and counting the radioactivity in a Triton X-100-toluene based scintillation fluid. [ 14 C]-uridine labeled chick embryo cell ribosomal RNA was used as an internal marker.
2. 2.5-5.0% linear polyacrylamide slab gels in 7M urea were prepared and run as described by Spradling et.alj 1 . The radioactive bands were visualized by fluorography and quantitation of the fluorographs was performed by densitometry as described by Laskey and Mills 16 .
Isolation of mitochondrial and nuclear DNA from A_. albopjctus cells Approximately 10^ cells were lysed and the nuclei removed from the lysate as described above. Mitochondria in the cytoplasmic extract were pelleted at 8000 x g for 10 min and disrupted 1n 3 ml lOmM Tris, lOmM EDTA, \.2% SDS (pH 7.4). CsCl was added at 0°C to a refractive index of 1.3800 and the precipitated SDS was removed by centrifugation at 18,000 x g for 15 min at 0°C. Solid CsCl was added to a final refractive index of 1.3858 and ethidium bromide was added to 200 pg/ml. After centrifugation at 40,000 rpm at 20°C for 48 h in a SW50 rotor, the mitochondrial closed circular DNA banded at a position approximately 1 cm below that of the linear nuclear DNA. DNA was visualized under ultraviolet light and the mitochondrial DNA was removed. Ethidium bromide was extracted by washing the DNA with isoamyl alcohol, and CsCl and residual isoamyl alcohol were removed by dialysis against TNE.
A_. albopictus nuclear DNA was prepared by lysirg the nuclear pellet in SSC (150mM NaCl, 15mM sodium citrate, pH 7.0) containing 1.OX SDS. After pronase treatment (200 ug/ml at 37°C for 6 h) DNA was extracted with chloroform:isoamyl alcohol (24:1). RNA was removed by digestion with 15 pg/ml pancreatic RNase and 10 units/ml Tj RNase for 90 min at 37°C. Fig. 1) . The same species were synthesized when cells were labeled 1n the presence of 1.5 pg/ml actinomycin D and 5 pg/ml a-amanatin. In eucaryotic cells a-amanatin Inhibits the nuclear RNA poiymerase II enzyme but has no effect on the activity of the mitochondrial DNA-dependent RNA polymerase 17 . The data 1n Table I were detected in the 8000 x g pellet and were not found in either the nuclear pellet or the 8000 x g supernatant (data not shown). Material 1n the 8000 x g pellet was analyzed further by centrifugation to equilibrium in a sucrose gradient. Fig. 2 shows that (Fig. 3) . The bands designated 1 to 12 were routinely detected and several slower migrating species designated a and b were observed only occasionally (see Fig. 5 ). Band b was broad and diffuse whereas band a which appeared less frequently, was much sharper. Treatment of the labeled species with RNase or DNase prior to electrophoresis showed species 1 to 12 to be RNA. Species a and b 1n contrast, were RNase resistant and DNase sensitive indicating that they contained ONA (Fig. 4) . Labeling of DNA 1n these experiments may be due to the alteration of the [ In order to determine if the labeled RNA species were contained in a structure inaccessible to nucleases, A_. albopictus cells were labeled in the presence of actinomycin D and a cytoplasmic extract was prepared. The material sedimenting at 8000 x g was resuspended and divided into 3 aliquots. One aliquot remained untreated and RNase or DNase was added to the other aliquots. After incubation, RNA was extracted and analyzed by electrophoresis in 7M urea. Nuclease treatment did not alter the RNA profile in Fig. 3, lane 2, indicating that the actinomycin D Insensitive RNA species were enclosed in a cytoplasmic structure which provided protection against nuclease digestion (Fig. 5) .
01igo(dT)-cellulose binding and nonbinding species
In order to determine if any of the labeled actinomycin insensitive RNA species contained poly(A), they were applied to oligo(dT)-cellulose columns and the distribution of material between nonbinding and binding fractions was determined (Fig. 6) . The species labeled 1 to 9, 11 and 12 bound to oligo(dT)-ceilulose and therefore appeared to contain poly(A). A large proportion of RNA number 4 (RNA #4) and practically all of RNA #10 failed to bind (Fig. 6,  lanes 2 and 3) . An almost identical distribution of RNA species in binding and nonbinding fractions has been obtained for the mitochondrial RNA from D. inelanogaster cells 11 . Twelve RNA species were detected by electrophoresis 1n gradient slab gels in 7M urea. Two of the RNA species (#4 and #10, Fig. 3 ) were consistently found in large amounts suggesting that they may be the mitochondrial rRNA species. In contrast, the smaller amounts of the other ten species and their ability to bind to oligo(dT)-cellu1ose suggests that they may be mRNA species. The observation that RNA #10 failed to bind to o11go(dT)-cellulose (Fig. 6,  lane 3 ) is in keeping with Its identification as a mitochondrial rRNA. However, a significant amount of the other putative rRNA, RNA #4, behaved like mRNA in its binding to oligo(dT)-cellulose. A similar observation has been made for the mitochondrial putative small rRNA of D_. melanoqaster 11 . In the later system, i t has been shown that this RNA has a number of other properties such as kinetics of decay, consistent with its identification as a ribosomal RNA 24 . Recent work in this laboratory has indicated that RNA #4 from A. albopictus cells bind to both oligo(dT)-cellulose and poly(U)-sepharose, but falls to bind to CF 11 cellulose. Thus binding may arise by virtue of the adenylic acid content of the RNA. The equivalent RNA from p_. meianogaster has been shown to contain a small poly(A) (A. Spradling, personal communication) which probably accounts for the anomalous binding of this RNA to oligo(dT) and poly(U).
Two reasons may be suggested to account for the resistance of mitochondrial RNA synthesis to actinomycin D. First, actinomycin D may fail to bind to A. albopictus mitochondrial DNA i f the G and C content of the DNA is for example, as low as that estimated for D_. meianogaster mitochondria! DNA (22% G + C ) 2 5 . Failure to inhibit transcription because of a low G + C content seems unlikely however, in view of the fact that increasing the actinomycin D concentration from 0.1 to 10 ug/ml did not alter either the proportion or amount of the resistant RNA species synthesized.
The second and more likely reason for the actinomycin D insensitivity may be due to the inability of the drug to enter the mitochondria. Actinomycin D has been shown to have no effect on the synthesis of RNA in a variety of isolated, undamaged vertebrate mitochondria 26 
